The nature of intra-and interlimb (bimanual) coordination was examined in ten boys with (M = 10.5 years, SD = 1.0) and without DCD (M = 10.8 years, SD = .9) in a two-handed catching task. Children with developmental coordination disorder (DCD) caught significantly fewer balls (M DCD = 56%, SD = 17.6 vs. M noDCD = 93%, SD = 7.5), and both groups solved the "degrees of freedom problem" differently at intralimb level of coordination. Typically developing children coupled and decoupled the respective spatial relations, whereas the majority of children with DCD segmented their actions. At interlimb level, both groups exhibited a comparable degree of spatial symmetry. However, individual profiles also showed that children with varying degrees of movement issues exhibited movement patterns that were qualitatively and functionally diverse. Overall, in the context of previous research on interlimb coordination it appears that spatial, in addition to temporal organization, may be jeopardized in at least some children with DCD.
caution. Nevertheless, from the standpoint of the development of fundamental skills, it appears that ball catching represents a skill which is difficult to accomplish for many of these children (Przysucha & Maraj, 2010; .
The amount of research examining how children with DCD regulate their peripheral degrees of freedom is limited compared with the amount of investigations devoted to examination of other aspects of movement organization (e.g., perceptuo-motor or sensory integration). Here degrees of freedom are defined biomechanically, as the different ways a joint can move in the respective planes of motion. Any discussion of tendencies used to solve the degrees of freedom problem is intimately linked to the notion of synergies (Bernstein, 1967) , and more contemporary theory of coordinated structures (Kugler, Kelso, & Turvey, 1980) . Conceptually, such structures represent functional units of action within motor apparatus as their presence decreases the number of variables (degrees of freedom) the system needs to control. In his original work, Bernstein (1967) suggested that the development of effective synergies (coordinative structures) progresses from a tendency to freeze and subsequently free the relevant degree of freedom. The former is manifested behaviorally in segmented actions where one element is partially/ completely eliminated from the action, or in the "fixation" tendency where a tight spatio-temporal coupling between the relevant components emerges (e.g., Steenbergen, Van Thiel, Hulstijn, & Meulenbroek, 2000) . On the other hand, the freeing tendency coincides with looser relations between the respective components of the structure (e.g., McDonald, van Emmerik, & Newell, 1989) . This type of decoupling has been conceptually taken as an indicator of flexibility of the system, hence a more advanced/skilled organizational tendency. However, the universality of this hypothesis has been questioned on a conceptual (Newell, 1985) and an empirical basis (e.g., Mazyn, Montagne, Savelsbergh, & Lenoir, 2006) . It was shown that effective assemblage of synergies (coordinated structures) may coincide with either tendency, given many different cooperating or competing constraints.
The way peripheral degrees of freedom are organized can be examined in different domains and levels of organization. Here, the primary focus was on spatial coupling at intra-and interlimb levels of coordination. The nature the emerging coupling (magnitude/stability) is largely determined by the purpose of the action, but not uniquely so (Heuer, 1996) . A useful classification of the relevant factors was put forward by Newell (1986) , who made an implicit distinction between intrinsic and extrinsic factors. The former constraints, also referred to as individual or structural, have been further divided into those pertaining to biomechanical/ neuromuscular characteristics of the musculoskeletal system, as well as those related to underlying intrinsic dynamics (Heuer, 1996) . Such intrinsic tendencies reflect a preference of a system for a particular kind of coordinative pattern (mode of coordination), which is generally universal across a group of individuals sharing similar perceptuo-motor capabilities (e.g., in-phase symmetry in interlimb actions).
The nature of intralimb level of coordination is confounded by many different constraints. In ball catching, task difficulty and biomechanical constraints play an important role in the process of organization of the respective degrees of freedom (Mazyn et al., 2006) . As the task becomes more difficult, by increasing the speed of the ball, for example, the nature of coupling between the joints also changes. However, this is only true for some (elbow-wrist), and not other joint-pairs indicating that biomechanical constraints also affect the nature of emerging coupling. Other investigations involving interceptive actions also showed that skill level (intrinsic tendencies) alone represents the most dominant constraint. It was shown that less skilled individuals such as younger children (Schneiberg, Sveistrup, McFadyen, McKinley, & Levin, 2002) or atypically functioning individuals (e.g., individuals with cerebellar disorders; Bastian, Martin, Keating, & Thach, 1996) tend to decouple the respective spatial relations regardless of the joints involved.
In terms of interlimb (bimanual) coordination, involving homologous muscle groups (e.g., two arms), intrinsic tendency toward spatio-temporal symmetry represents the most pervasive constraint (Kelso, 1994) . This has been confirmed at kinematic and muscular levels of analysis in studies involving bimanual aiming (e.g., Kelso, Southard, & Goodman, 1979) as well as ball catching (Tayler & Davids, 1997) . Developmentally, adult-like temporal symmetry between the effectors appears around 10-11 years of age (Tayler, 2002) . The development of spatial symmetry has not been well documented (Gutnik & Hyland, 1997; Scherwood, 1989) . This may be due to the assumption that spatial organization is something that is more rudimentary (Marteniuk & Romanow, 1983) . For example, when learning to catch a ball changes in spatial aspects of organization occur first and coincide with the ability of an individual to acquire the "ball-park" of the desired movement form (Alderson, Sully, & Sully, 1974) . On the other hand, temporal adaptations seem to unfold later on in learning and/or developmental process representing a more sophisticated aspect of control (Marteniuk & Romanow, 1983) . Thus, conceptually it is plausible that interlimb coordination exhibited by less skilled (e.g., atypically functioning) individuals may be attributed to one or both aspects of organization.
We do not know much about how children with DCD solve the degrees of freedom problem, aside from the fact that it is a "problem." At the behavioral level, it has been often reported that they exhibit fragmented actions. However, with the exception of few studies carried out by Larkin and Hoare (1992) , a meticulous description of these issues has been lacking. Only recently more focus has been devoted to kinematic investigation of the underlying organizational tendencies in goal-directed actions such as ball catching (Astill & Utley, 2006; Sekaran, Reid, Chin, Ndiaye & Licari, 2012; Utley, Steenbergen, & Astill, 2007) . Even so, certain issues have not been examined at all (e.g., spatial coupling at intralimb level of coordination), while others remain equivocal and warrant further investigation/ replication. In the most recent study, Sekaran and colleagues examined temporal and spatial aspects of two-handed catching. The results were rather surprising. Functionally, the results showed no substantial differences between children with (88%) and without DCD (98%). In terms of temporal aspects of organization, subtle (e.g., initiation of wrist action) or no differences were evident between the groups (e.g., RT, MT). Similarly, in regards to spatial interlimb coupling, the data showed that among seven comparisons (e.g., left/right wrist flexion-extension) only the amount of angular displacement at the elbows differentiated between the groups. In yet another study, Utley and colleagues (2007) showed that under relatively simple task demands (central attempts) typically developing children exhibited weaker and more variable interlimb coupling. This is despite the fact that they caught twice as many balls when compared with children with DCD . These results are contradictory to the predictions of coordinative structure theory (Kugler et al., 1980) , which indicates that in bimanual actions to reduce the number of degrees of freedom to be regulated, the two elements (joints; effectors) would be tightly coupled forming one functional unit.
To address the above stated issues, this study aimed at examining the nature of intralimb coordination exhibited by children with and without DCD across different joint pairs and task demands. It was hypothesized that both groups would exhibit different coordinative tendencies, however given the lack of previous research it was difficult to predict if such differences would be uniformed across the joints, and/or task demands. The second purpose was to re-examine the nature of interlimb (bimanual) relations in the spatial domain. It was expected that despite previous reports, the differences in the strength of interlimb coupling would emerge in favor of typically developing children, particularly under more difficult task demands (lateral attempts).
Method Participants
The sampling design was purposive. Following ethical approval from the institutional review board and the school boards, the recruitment process was initiated. The participants were recruited from two elementary schools and a clinical program offered at the academic institution. There were 20 participants; 10 with (M = 10.5, SD = 1.0) and 10 without DCD (M = 10.8, SD = .9) took part in the study (see Table 1 ). Children with DCD exhibited movement coordination problems corresponding to the 15th or lower percentile in terms of the Total Impairment Score (TIS), and 5th percentile or lower in the Ball Skills (BS) section, from the Movement Assessment Battery for Children test (MABC; Henderson & Sugden, 1992) . The movement difficulties had to be due to factors other than specific medical conditions (cerebral palsy, Asperger syndrome, autism, muscular dystrophy), and in the presence of intellectual disabilities the motor difficulties were in excess of those expected. They also, in the opinion of the professionals, had to interfere with the child's performance of activities of daily living. Although, the children were not formally diagnosed with DCD, as only a pediatrician can do so, they met the clinical research criteria for DCD as outlined by Geuze, Jongmans, Schoemaker, and Smits-Engelsman (2001) .
Children included in the comparison group were not diagnosed with DCD or comorbid deficits, and exhibited overall movement capabilities (≥20th percentile in TIS) and ball skills (≥15th percentile in BS) considered as at least average for a typically developing child. The analysis of the MABC scores showed that the comparison group scored significantly lower, hence performed better, than children with DCD in terms of TIS (M = 4.5, SD = 2.24 vs. M = 17.62, SD = 5.36; t (18) = 6.88, p < .001) and BS scores (M = .5, SD = 1.08 vs. M = 7.3, SD = 1.31; t (18) = 12.62, p < .001). These differences, in raw values, corresponded to differences between the two groups in terms of the percentile scores for both TIS and BS (Table  1 ). The perusal of individual profiles ( Table 1 ) also showed that the groups were somewhat heterogeneous as there were two individuals with (#11, 17) and without DCD (#5, 7) whose scores were at least 1SD away from the group mean. Nevertheless, they were included in their respective groups as, in addition to the normative scores, the information provided by the parents (Child Information Questionnaire) converged with the inclusion criteria. In addition, since their ball skills proficiency (BS scores) as well as the degree of effectiveness exhibited across the experimental conditions, were both in line with many of their peers, the boys were included in the subsequent analyses of the behavioral data. The recruitment process was initiated by providing the inclusion/exclusion criteria to the special needs facilitators at the schools, where subsequently the homeroom teacher was asked to distribute the information package to all boys in the respective grades. The package contained the letter of introduction, Child Information Questionnaire, and consent forms for parents as well as for participants themselves. The parents were asked to return them to the homeroom teacher. The recruitment of children from the clinical program was initiated by providing the program's director with the inclusion/exclusion criteria. She was asked to approach those individuals who to her knowledge exhibited the desired movement and intellectual characteristics. Once a potential participant was identified by the director, the parents received the same information package as described above. The researcher made contact, to schedule the testing, only when signed consent forms from the child and the parents were received.
Procedure
In the first of the two sessions, the MABC was administered at either the elementary schools, or in the Adapted Physical Activity Laboratory at the university. The administration of the test took approximately 45 min. The second session, involving ball catching, was carried out in the gym at the academic institution. All participants were right-handed, and they were asked to catch a ball with two hands in any way they desired. Participants wore a sleeveless shirt and shorts to facilitate the acquisition of the kinematic data. During the practice trials, the researcher asked the participant to stand in the central position before each catching attempt with arms and hands relaxed along participant's body. Approximately three seconds after the "are you ready" prompt, a ball machine projected a tennis ball to central and lateral locations respectively. At the end of each trial, the catcher repositioned himself in the initial, central position. The angle of projection was adjusted for each participant so that the catching attempt was made at the level of the shoulders, in the vertical axis. To identify the location of the lateral attempts, each participant was asked to make a maximum, but comfortable step to his right. The distance approximating 80% of the total distance between the feet was used to mark an area on the ground where the lateral catches were directed. At each location the ball was projected at the speed of 7 m/s, resulting in approximate flight durations of 700 ms. Following three practice trials in central and lateral attempts respectively, 20 formal attempts were made, 10 in each location.
Instrumentation
A tennis ball machine was located 5 m away, in front of the participant. During the preliminary pilot testing it was found that the ball hit a target (21.5 × 28 cm) located 1.5 m above ground and 5 m in front of the machine, on 95% of attempts (38/40). In addition, the speed of the ball remained consistent across ten trials in central attempts (M = 6.8 m/s, SD = .14). Each time the ball was ejected, the machine made a specific sound. However, this was a consistent occurrence across all the trials/ participants, thus it likely affected both groups in a similar way.
Four digital video cameras were used to capture the relevant motion. Two cameras were positioned to the right and left, at the approximate distance of 7 m from the participant. The cameras on each side were set at approximately 60° from one another. The optical axis of each camera was perpendicular to the plane of motion. The cameras were recording at the frequency of 60 Hz, with the shutter speed set at 1/250. Also, 10 passive reflective markers, 2 cm in diameter, were placed on the anatomical landmarks of interest on both arms. The angular data for the shoulder, elbow, and wrist joints were derived from the position of three markers. The wrist angle was defined as the link between the marker located at the metacarpo-phalangeal joint at the level proximal end of a small finger, the wrist marker located on the lateral (ulnar) styloid process near the proximal end of the thumb, and an elbow marker located at the lateral epicondyle of the humerus (outside of the elbow). The elbow angle was derived from the link between the wrist marker, the elbow and a shoulder marker, located on the lateral side of the head of the humerus (middle deltoid; middle of the shoulder joint). For the shoulder, the angle was derived from the link between the shoulder and hip (iliac crest) and shoulder and elbow markers.
The Ariel Performance Analysis System (APAS; Ariel Dynamics Incorporated, Trabuco Canyon, CA) was used to digitize, transform, filter, and reduce the data for the purpose of the analysis. The cameras were synchronized using an infrared beam placed across the mouth of the ball machine. When interrupted by the ball, it triggered light-emitting diodes attached to the ground positioned in a way that both cameras, on each side, were able to record the event. The transformation of the data was carried out using the direct linear transformation method (DLT; Abdel-Aziz & Karara, 1971) . The data were filtered manually using a second order, dual pass Butterworth filter. The residual analysis also was used to establish the best cut-off frequency for the joints of interest (Winter, 1990) . The values varied between 7 and 10 Hz, with those joints moving at the higher rate (e.g., wrist) having a higher cut-offs, as opposed to more stationary markers (e.g., shoulder).
Dependent Variables
Movement functionality was examined by calculating the percentage of balls caught under each experimental condition across 10 trials. The degree of coupling was inferred from the magnitude of Pearson Product-Moment correlation (PPMC) at zero lag, which allows inferring how angular displacement of two joints evolves in time against one another. The values close to ±1 represent a "tight coupling" or "locking" between the components, whereas lower values represent more independent changes in spatial relations between the respective components. A near zero value indicates no relation between the segments or joints analyzed. Due to the fact that the coefficients are not normally distributed, particularly when larger values are present, a Fisher's Z-transformation was incorporated before statistical analysis. All the inferential analyses involved transformed data.
The nature of spatial coordination, at the intralimb level, was inferred from the magnitude of PPMC representing the degree of covariation (coupling) between angular displacements of shoulder-elbow and elbow-wrist joints. At the interlimb level, the nature of spatial symmetry was inferred statistically (e.g., Huh, Williams, & Burke, 1998) . The lack of interaction effects involving body side variable (e.g., group × body side), in the analyses of variance, would indicate that the nature of spatial relations between the joints, across both body sides was comparable. For the analysis of kinematic data the mean and variability (standard deviation) were based on three trials from each experimental condition. In addition to the quantitative analyses, angle-angle plots were also incorporated as they represent the behavioral (qualitative) manifestation of different magnitudes of spatial relations between the joints of interest (Cutting & Proffitt, 1982) .
Design and Data Analyses
Three independent variables were incorporated: group (boys with vs. without DCD), throw location (center vs. lateral), and body side (right vs. left), resulting in a mixed factorial design, with repeated measures on the last two factors. The degree of movement functionality (percentage of balls caught) was analyzed using a 2 (Group) × 2 (Throw location) mixed factorial analysis of variance (ANOVA), with repeated measures on the second factor. The nature of movement coordination (mean behavior; intrasubject variability), was examined using a 2 (group) × 2 (throw location) × 2 (body side) mixed ANOVAs, with repeated measures on the last two factors, for each joint-pair independently. For the purpose of this analysis, all movement profiles regardless of their effectiveness were collapsed under each experimental condition. In addition to the inferential analyses, effect size measures (η 2 ) were incorporated to estimate the magnitude of the "treatment" effect. Due to large within-group heterogeneity often exhibited by children with DCD, individual profiles were reported and discussed, where relevant.
Results

Movement Functionality
The data showed that, on average, typically developing children caught more balls (M = 94%, SD = 4.9) as compared with their peers with DCD (M = 58%, SD = 13.9; F (1, 18) = 48, 81, p < .001, η 2 = .73). As evident from Table 1 , the typically developing boys constituted a relatively homogenous group in terms of their success under each condition. On the other hand, the degree of movement effectiveness exhibited by children with DCD varied across the group, in both central and lateral attempts. Nevertheless, it is also evident that on average both groups caught fewer balls in the lateral attempts, as compared with their own performance under easier task demands.
Intra-and Interlimb Spatial Coupling
To infer the nature of intralimb coordination shoulder-elbow and elbow-wrist relations were examined. In terms of the former joint-pair, typically developing children exhibited higher mean correlations when compared with children with DCD (r noDCD = .86 vs. r DCD = .61). These (group) differences were found to be statistically significant (F (1, 18) = 82.18, p < .001, η 2 =.82). In addition, as evident from Figure 1 , these discrepancies were further highlighted by the nature of the individual profiles. Uniformly (SD = .05), all typically developing boys exhibited a high degree of coupling. In terms of performance of boys with DCD, larger intragroup variability emerged (SD = .11; Figure 1 ). Nevertheless, aside from few instances (e.g., #12 & 17), boys with DCD exhibited weaker coordinative relations, as evident from substantially smaller magnitude of the correlation coefficients. In terms of intrasubject variability, children with DCD were significantly more variable (SD =.17) as compared with the typically developing boys (SD = .11; F (1, 18) = 19.08, p < .001, η 2 =. 51).
With respect to elbow-wrist relations, at the group level of analysis, the performance of typically developing children once again coincided with higher magnitude of correlation coefficients (r = .54, SD = .08), as compared with boys with DCD (r = .40, SD = .13). These differences were statistically significant (F (1, 18) = 29.2, p < .001, η 2 = .61). Nevertheless, a substantial degree of intragroup variability also emerged for both groups. This was evident from the group descriptive statistics (SD) and the individual profiles. As Figure 2 indicates, the values of the coefficients ranged substantially in both samples, as well as across body sides and experimental conditions. Not surprisingly, the data failed to show any statistically significant differences in terms of intrasubject variability. The degree of spatial symmetry, at the interlimb level, was inferred statistically. The data revealed no significant interaction effects involving group and body side variables, in terms of mean behavior as well as intrasubject variability (Table 2 ). This result indicated that statistically the nature (degree and variability) of spatial relations exhibited across both body sides was comparable in terms of the degree and its stability. As Figure 3 shows, the degree of spatial coupling across both body sides, for each joint pair, was highly comparable for children with DCD, and identical for the comparison group. 
Discussion
Movement Functionality
Research and anecdotal evidence attest to the fact that children with DCD exhibit different movement behaviors, when compared with their peers, and that more often than not those translate into functional failures. It remains rather arbitrary how much of the gap there must be between typically functioning individuals and children with DCD to classify the problem as serious, moderate, or borderline. However, in accordance with the existing literature (e.g., Przysucha & Maraj, 2010; Williams, 1992) , 70% success rate is considered as a benchmark for a relatively effective performance, whereas anything at or below 50% is an indication of serious movement issues. The present results showed that typically developing boys caught more balls, and as evident from small intragroup variability, this high level of success was exhibited by all of the participants. This result reaffirms that by 10-11 years of age the perceptuo-motor processes necessary to intercept the ball, under a variety of task constraints, are adult-like (Savelsbergh & van Santvoord, 1996; Williams 1992 ). The degree of functionality exhibited here by children with DCD, as a group, is consistent with some previous research (e.g., Astill, 2007; Przysucha & Maraj, 2010) , but not others (Astill & Utley, 2008; Sakaran et al., 2012) were both groups were successful on 80% or more of attempts. In addition to central tendency measures, individual profiles were also examined. As Table 1 reveals, much variability was evident in the performance of children with DCD. There were individuals (partcipants #11, 17, 19) who did relatively well when compared with the rest of the group, as their performance, particularly in central attempts, was in the ball park of that exhibited by their typically developing peers. Not surprisingly, their overall movement status, as inferred from the TIS, was also higher in relation to the rest. Thus, from the behavioral standpoint, this indicates that the effectiveness, and likely the nature, of their bimanual coordination were comparable to that exhibited by children without DCD. In addition, there were those boys (e.g., participants #14, 15, 16, 18) who intercepted few balls, regardless of task constraints. Such performance suggests that bimanual coordination, responsible for generation of stable and highly symmetrical actions, represents an organizational limiter for such children. Interestingly, it is also evident that there was another subgroup of children with DCD who, despite pronounced overall movement problems and issues in ball skills (participants #12, 13, 20), were still able to catch as many balls as those who had borderline issues. From the measurement standpoint, the presence of such potential false-positives warrants caution when assessing and diagnosing children with movement problems, when using MABC.
Intralimb Coordination: Shoulder-Elbow
It was expected that typically developing children would exhibit a high and stable degree of coupling between the two joints, which at the behavioral level coincides with smooth movement trajectory. This hypothesis was confirmed by the data. The magnitude of the mean correlation coefficient (0.86) indicted that both joints were actively involved in the action throughout the attempt. The analysis of intrasubject variability also showed that the emerging spatial relations, in addition to being strong, were stable. This is consistent with previous literature which examined the nature of spatial coordination exhibited by healthy adults in catching. Mazyn and colleagues (2006) showed that in a one-handed task, the angular relations between the shoulder and the elbow were tightly coupled (e.g., r = .79). This is also in line with the data reported by Savelsbergh and van Santvoord (1996) who examined the nature of shoulder-elbow relations in unconstrained one-handed catching in 9-13-year-old children. Their results showed that the angles of both joints were changing up to the instance of ball contact, and these continuous adjustments were the signature feature of performance of each participant as evident from small intragroup variability. The nature of coupling evident in the shoulder-elbow relations reported in this and other catching studies (e.g., Mazyn et al., 2006) , also resembles the nature of spatial coordination evident in adult performance of bimanual and uni-manual, self-paced reaching actions (Jeannerod, 1984; Soechting & Lacquaniti, 1981) . Collectively, the present results support the notion that by this age (10-11 years) the nature of intralimb coupling is adult-like in typically developing children in goal-directed actions taking place under external time demands (e.g., catching) and self-paced tasks (e.g., reaching).
In comparison with the typically developing individuals, boys with DCD exhibited different and less stable (SD noDCD = .11 vs. SD DCD = .17) coordinative tendencies as captured by the magnitude of the resulting spatial relations (M noDCD = .86 vs. M DCD = .62). In addition, children with DCD constituted a much more heterogeneous group as evident from the analysis of the individual profiles ( Figure  1) . Even under the relatively simple task demands (central trials) the values of the coefficients ranged from .4 to .8. This constitutes a substantial difference, likely coinciding with differences in the qualitative nature of the emerging movement patterns. Given the scores from MABC, and the intragroup variability in the percentage of balls caught, this is not surprising. In fact those boys who did not have pronounced movement issues (17, 19) , coupled their respective joints in a way comparable to the actions generated by children without DCD. On the other hand, the subgroup of individuals who scored below or close to 5th percentile exhibited generally a more pronounced decupling between the joints. In addition, as indicated before, participants 12 and 13 represented somewhat of an anomaly. Their results from the formal assessment did not coincide with the level of their catching success. As evident from the individual profiles (Figure 1) , their coordinative tendencies were also different from those exhibited by the majority of children who were diagnosed with pronounced movement issues.
To infer the exact nature of the coinciding qualitative differences, angle-angle plots were also examined (Figure 4) . In typically developing boy, high magnitude of the correlation coefficients represented an action where elbow flexion coincided with proportional changes at the shoulder via simultaneous extension toward the ball. Thus, in this particular context tight coupling or fixating between the joints, in the language put forward by Bernstein (1967) , represented an effective and potentially most efficient coordinative tendency (Winter, 1990) . The analysis of the angle-angle plots representative of the performance of children with DCD revealed a different scenario (Figure 4 , right column). The plots represent the degree of spatial relations coinciding with the group mean (r = .62). As evident, both joints were involved in the action, but the nature of their spatial relations was different when compared with that evident in the performance of the typically developing individuals. At the beginning of the movement the elbow started to flex, while the shoulder was "frozen" out. The angular changes to the shoulder were initiated only when the elbow reached its full range of motion. After this point, there was little to no change to the angular displacement of the elbow, while the shoulder continued to extend toward the ball throughout the major part of the remaining action. Thus, whereas the actions exhibited by typically developing boys were characterized by smooth and continuous changes in both joints, the movement patterns exhibited by children with DCD unfolded in a stage-like fashion. The presence of such segmentation, evident here at the kinematic level of analysis, confirms previously reported qualitative data (Larkin & Hoare, 1991; Przysucha & Maraj, 2010; .
Based on the presented angle-angle plots, it appears that such qualitative differences may be attributed to the control of the elbow joint(s), which is consistent with previous findings . The tendency to fragment the movement by eliminating the active involvement of the elbow(s) may represent an adaptive strategy aiming at simplifying the movement. In such case, one rather than two joints have to be controlled at the time. Another potential reason for freezing out the elbow action may be due to the underlying dynamics. It is well known that the motion at the elbow is affected not only by active muscle contraction of agonists and antagonists, but also by passive effects (torques) from the motion exhibited at the shoulder (Dounskaia, Swinnen, Walter, Spaepen, & Verschueren, 1998) . In fact, in goal-directed arm actions the dynamics underlying regulation of the shoulder are simpler as compared with the elbow whose regulation depends to a large extent on the mechanical interactions between the segments (Galloway & Koshland, 2002) . Thus, elimination of the motion at the elbow may represent a way of dealing with contributing interjoint dynamics. Nevertheless, the fact remains that utilization of such tendency, to segment the emerging action, is more costly in terms of the energy expenditure, and more importantly it does not solve the "df" problem as the number of elements to be controlled is not reduced (Bernstein, 1967) . 
Intralimb Coordination: Elbow-Wrist
The initial review of individual profiles (Figure 2) , particularly those corresponding to the performance of typically developing children, indicated that in comparison with shoulder-elbow relations the intragroup variability evident here was much higher. From the organizational standpoint, this implies that shoulder-elbow relations may represent a more essential (invariant) variable in coordination of such goal-directed actions as compared with coordination of more distal components (elbow-wrist; Soechting, 1989) .
In terms of between-group differences typically developing children exhibited significantly higher correlation coefficients (M = .54) when compared with their peers with DCD (M = .40). No significant differences were found between the groups in terms of intraindividual variability. The nature (degree/stability) of spatial coupling evident here in the performance of typically developing children is consistent with the coordinative tendencies exhibited by adults in one-handed catching (Mazyn et al., 2006) , as well as in aiming actions in adults (e.g., Lacquaniti & Soechting, 1982) and children (e.g., Schneiberg et al., 2002) . This indicates that developmentally the typically functioning boys exhibited adult-like organizational tendencies, a finding which also is in line with the inferences made in regards to the nature of intralimb coordination as captured by the analysis of shoulder-elbow relations.
To gain an insight into the nature of the actions coinciding with the resulting correlations, angle-angle plots were examined once again. As Figure 5 shows, the first most obvious feature of the performance of the typically developing boy is that the changes in the angular displacement of the wrist are restricted to a fraction of the movement at the elbow joint. In addition, despite relatively low magnitude of coinciding correlation coefficient, the wrist motion is not completely independent of the motion at elbow. Rather, it appears that it is coordinated as to minimize the motion/position of the finger tips. In tasks such as catching (or reaching), the wrist may move through its range of motion considerable, however it does not as it is "frozen" through the majority of the action (Figure 5 ; e.g., Mazyn et al., 2006) . However, as the hand(s) approached the desired target, the degrees of freedom are released coinciding with more substantial changes to its angular positioning, thus allowing for the corrective adaptations of the end effector (Dounskaia et al., 1998) . Conceptually, this finding attests to the fact that freezing out the relevant degrees of freedom, of the wrist in this case, may represent a functional decoupling strategy in actions with enhanced spatio-temporal accuracy demands.
As the analysis of the resulting coefficients indicated, both groups spatially decoupled both elements of the coordinative unit. However, the examination of the angle-angle plots, corresponding to the performance of typically developing children and those with DCD ( Figure 5 ), clearly shows that behaviorally two different movement patterns emerged. The action of the elbow was comparable as it was flexing through approximately the same range of motion (x-axis), in both cases. However, a different scenario was evident when the wrist action, in relation to the elbow displacement, was examined. As the plots showed, children with DCD exhibited substantially greater amount of displacement, as the joints were flexing and extending throughout the movement. This was drastically different from the performance of the typically developing boys who did not "release" the relevant degree of freedom until the homing phase of the action. This type of (de)coupling is consistent with the performance of children with DCD in one-handed ball catching task (Asmussen & Przysucha, 2010) . In both studies, the magnitude of spatial coupling was low. In addition, the qualitative nature of the emerging action was comparable as random-like fluctuations between the joints were evident throughout the action. Collectively, these studies support the notion that coordination (control) of more distal joints in goal-directed actions, such as uni-or bimanual ball catching, represents an issue in children with DCD.
In summary, the present analysis of intralimb coupling showed that typically developing children exhibited adult-like coordinative patterns characterized by functional coupling and decoupling of different biomechanical components of the limb(s). On the other hand, children with DCD exhibited a universal tendency to decouple the respective joint pairs. Interestingly, in both cases (shoulder-elbow; elbow-wrist) the emerging differences were attributed to coordination (control) of a more distal component of the coordinative unit. Such finding is consistent with developmental hypothesis as in goal directed, multijoint arm actions younger individuals display adult-like motion at proximal joints (e.g., shoulder) first, and last at the wrist (Galloway & Koshland, 2002) . In relation to control of wrist in ball catching, Alderson and colleagues (1974) showed that during the orientation phase (hand rotation; wrist extension) spatial organization of the hand represents a critical factor for an effective performance. This is likely due to the fact that biomechanically changes in the position of the wrist also change the position of the thumb and fingers, thus largely affecting one's ability to grasp. In relation to performance of children with DCD, often seen errors associated with the inability to catch/grasp a ball (Larkin & Hoare, 1991; Przysucha & Maraj, 2010) may be attributed to less than optimal ability to coordinate and control spatial aspects of the wrist action.
Interlimb Coordination: Spatial Symmetry
In this study, the focus was on spatial symmetry, which in the past attracted significantly less attention (Gutnik & Hyland, 1997 ) when compared with temporal coupling (Kelso, 1994) . In line with the theoretical predictions of the coordinative structure theory (Kugler et al., 1980) , and the developmental data (Tayler, 2002) , typically developing individuals were expected to exhibit a high degree of symmetry between the limbs regardless of task demands. The issue of symmetry was inferred here from the analysis of group by body side interaction effects, for each joint pair. It was assumed that a lack of significant (interaction) effect would indicate that the nature of the spatial relations, within the limb, would be comparable across the two body sides for each group.
The results revealed a main effect for Group, for both joints, indicating that although boys with and without DCD overall exhibited different degree of coupling, no significant differences were found across the limbs. This was confirmed by the descriptive data (Figure 3) , as typically developing children exhibited mirror-like relations between both body sides, across both joint-pairs. Since the analysis also failed to show a significant group by location interaction effect, for both shoulderelbow (p = .95), and elbow-wrist pairings (p = .70), it can be concluded that such tight spatial coupling was maintained between the limbs regardless of the task demands. Thus, the emerging coordinative relations were characterized by strong as well as stable spatial coupling. The analysis of individual profiles for shoulder-elbow ( Figure 1 ) and elbow-wrist (Figure 2 ) also confirmed the findings emerging at the group-level of analysis. In vast majority of children the spatial relations between the two body sides were not perfect, but they were highly similar as reported in past research (Scherwood, 1989) . Thus, the degree of spatial symmetry between the effectors in two-handed actions has to be substantial but not mirror-like affording some functional variability in the emerging behavior.
Conceptually, an intrinsic tendency to decouple the respective elements of the coordinative structure, at interlimb level of coordination, does not solve the degrees of freedom problem (Kelso et al., 1983) . Thus far, there have been only two research studies which examined the issue of spatial symmetry in children with and without DCD, and both showed drastically different scenarios (Sekaran et al., 2012; . The results of Utley and colleagues (2007) were counterintuitive, and contradictory to the theoretical predictions and developmental literature (Tayler, 2002) . However, the present results, at the group level of analysis, are in line with the study carried out by Sakaran and colleagues (2012) who also found substantial degree of interlimb spatial coupling in both groups of interest. This is despite the fact that both used different kinematic variables to infer the degree of symmetry. Thus, our data confirmed previous reports that the degree of symmetry across both body sides was high and comparable for children with and without DCD. However, it should also be noted that in the current study the interlimb coupling exhibited by children with DCD although strong, was not as pervasive when compared with mirror-like actions exhibited by the typically developing boys.
The individual profiles provided further insight into the nature of the intragroup differences across both joint pairs. In relation to shoulder-elbow relations, which are responsible for the transport aspect of the actions, it is evident that not all children with DCD exhibited same/similar degree of symmetry. There were only two participants (#13, 19) who, in line with group data, exhibited symmetrical actions across different conditions. Others (#11, 12, 17, 20) were able to maintain the symmetrical actions in central, but not in lateral trials where one effector had to cover more distance to position both hands in the same location at the same time. Thus, these children were able coordinate their actions, at interlimb level, but they were failing to control them when the task demands changed (Newell, 1986) . In the context of the functional data (Figure 1) , it is also apparent that these children were more successful as compared with the rest of the group. There also were individuals who exhibited a substantial degree of decoupling, regardless of condition (#14, 15, 16, 18) . The performance of this subgroup indicates that they were unable to generate even such rudimentary relations. Thus, as compared with the children constituting a more able subgroup, within the DCD sample, their bimanual coordination was jeopardized. Collectively, the present data showed that overall, at the group level of analysis, both groups exhibited a comparable degree of spatial symmetry. However, the individual data also revealed that such inferences were not uniformed across the sample.
Conclusion
Conceptually, the study showed that optimal coordination is reflected in the ability to effectively elaborate and reorganize the existing coordinative relations in face of different constraints (Kugler et al., 1980) . This was evident from the performance of typically developing children who coupled and decoupled the respective degrees of freedom (Heuer, 1996; Newell, 1986) . In terms of between-group comparison, the results indicated that the status of intrinsic dynamics, coinciding with differences in the perceptuo-motor functioning, represent the most critical constraint on performance. Hence, children with DCD solved the degrees of freedom problem differently when compared with their typically developing peers, regardless of the biomechanical components involved (e.g., Larkin & Hoare, 1992; Przysucha & Maraj, 2010) . Interestingly, at the intralimb level, this segmentation was at times attributed to freezing out of one of the elements of the coordinative structure (shoulder-elbow), whereas on others the decoupling resulted from lack of restrain of the respective joint (elbow-wrist). In addition, in both cases, the differences in the overall nature of the coordinative pattern were attributed to less than optimal control of more distal joint, which is consistent with proximal-distal pattern of development (Galloway & Koshland, 2002) . The analysis of the underlying control mechanisms, responsible for modulation of respective passive and actives torques, is currently undertaken in our laboratory (Asmussen & Przysucha, 2010) .
In terms of interlimb coupling, it was hypothesized that this type of organization may represent an issue for children with DCD, even in spatial domain. The emerging results were mixed. In line with previous work (Sekaran et al., 2012) , the statistical analyses showed that overall the spatial symmetry between the effectors was comparable across both groups. Nevertheless, the individual profiles only partially supported the "group" data, as some children had difficulties generating even most elementary coordinative relations in spatial domain.
In conclusion, the analyses, of intra-and interlimb coordination, confirmed that the notion of "universal patterns" across children with DCD should be treated with caution. As evident, there was a subgroup of individuals with DCD who exhibited more functional and different coordinative tendencies as compared with the rest of the (DCD) group. Thus, although collectively the findings suggest that functional synergistic relations are still not optimal for many of individuals with DCD, some generate movement patterns that are more alike to the performance of the typically developing children, as opposed to the actions of similar peers, but with more pronounced movement issues.
In regards to some methodological limitations and recommendations for future research, it should be noted that although the sample of children with movement difficulties exhibited symptoms of DCD, as outlined in DSM IV, they were not explicitly diagnosed. This should be kept in mind when considering the external validity of the present inferences. In addition, in terms of the analysis, it would be valuable to compare functional outcomes and errors separately, between as well within the groups. This approach may provide further insight into the nature of the emerging differences as well as similarities between typically functioning children and those exhibiting varies degrees of movement problems.
